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Acidic solutionsAbstract The corrosion inhibition characteristics of Hunteria umbellata seed husk extracts on mild
steel immersed in 1 M HCl and H2SO4 solutions were investigated. Mass loss, atomic absorption
spectroscopy (AAS), Fourier transform infrared spectroscopy (FTIR), and scanning electron
microscopy (SEM) were used as basis for studying the corrosion inhibition behavior of the extracts.
The results show that the extracts contain OAH, CAN and unsaturated C‚C functional groups
which were identified as contributing to the inhibition exhibited by the extracts. The inhibition
efficiency was found to increase with increase in extract concentration in the acidic solutions but
decreases with increase in temperature. Specifically, the inhibition efficiency of the extracts was
observed to be generally very high but more effective in 1 M HCl compared to 1 M H2SO4 solution.
Langmuir isotherm best fits the data obtained suggesting physical adsorption as the adsorption
mechanism between the extract and the mild steel substrate.
 2015 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Mild steel is known to be a very versatile ferrous alloy utilized
for a wide range of applications because of its excellent combi-nation of mechanical properties, ease of fabrication, excellent
weldability, and low purchasing cost [1]. However, it has a
low corrosion resistance especially in acidic environments [2].
This has been a major cause for concern because of its all-
pervading use in the design of vessels, storage devices and
other industrial accessories used in food, petro-chemical and
chemical plants where acidified solutions are frequently
utilized. Unmitigated corrosion has the prowess of causing
rigidity attenuation of the mild steel based facility and
impoverishment of mechanical strength and ultimately facili-
tates premature failure [3].
674 K.K. Alaneme et al.The use of inhibitors has been widely explored to mitigate
against corrosion of mild steel utilized in acidic environments.
Often, nitrogen, sulfur- or oxygen-containing compounds have
been used and proven to be good acid corrosion inhibitors [4].
However, due to limited solubility and toxic properties of most
of the above mentioned inorganic salts or organic compounds,
awareness of their ecological and health risks has drawn
researchers to explore more environmentally friendly inhibitor
sources. Many extracts of common plants have been found
useful in this regard – plants such as Tithonia diversifolia [5],
Jatropha curcas [6], Rice husk [7], Aquilaria crassna [8], Prunus
cerasus [9], Moringa oleifera [10], Murraya koenigii [11] and
Aloe vera [12,13] have been investigated and research efforts
are still ongoing to source for more green inhibitor alternatives
[14,15].
In the present study, the corrosion inhibition and adsorp-
tion characteristics of Hunteria umbellata seed husk extract
in both hydrochloric and sulfuric acid solutions were investi-
gated. H. umbellata is a tropical rainforest tree which is readily
found in Nigeria; and many parts of west and central Africa
[16]. It is acknowledged for its use as constituent in herbal
remedies for treatment of fever, abdominal discomforts, pile,
infertility and diabetes [17]. However its use as corrosion inhi-
bitor has not been reported in the literature.
2. Materials and method
2.1. Materials
Mild steel rod of composition Fe = 98.3%, C = 0.133%,
P = 0.0061%, Mn = 0.82%, Cr = 0.08% was used for this
study. The steel was mechanically cut to coupons of dimension
20  10 cm, and then polished using different grades of silicon
carbide paper, and stored in a moisture-free desiccator prior to
use. Analar grade HCl and H2SO4 and distilled water were
used for the preparation of the acid solution while H. umbel-
lata seed husk was used as a source of corrosion inhibitor.
2.2. Extract preparation
H. umbellata seeds were obtained from Akure metropolis, and
dehusked mechanically. The husks were sun dried and pulver-
ized. About 10 g of the pulverized husk was weighed and
added to 100 ml of prepared 1 M HCl and H2SO4 solution
in separate reagent bottles respectively. The mixture was
immersed in a water bath maintained at 90 C for 3 h, after
which it was removed from the water bath and allowed to cool
overnight. The mixture was then filtered to obtain the extract.
Stock solutions of 0.1%, 0.2%, 0.3%, 0.4%, and 0.5% (v/v)
H. umbellata seed husk extract in 1 M HCl and H2SO4 were
prepared from the filtrate.2.3. Weight loss measurement
Weight loss studies were carried out on pre-weighed mild steel
samples which were immersed in 250 ml capacity beakers con-
taining 100 ml of the test solutions maintained at 303, 313, 323
and 333 K in a thermostat controlled water bath. The sub-
strates were held in the solutions for 4 h after which they arereweighed and the difference in weight was taken as weight
loss. From the weight loss data collected, corrosion rate
(CR) was calculated from weight loss measurement in accor-
dance with ASTM G31 standard [18]:
CR ðmmyÞ ¼ 87; 500W
Aqt
ð1Þ
where CR is corrosion rate, W is weight loss (g), A is the area
of the coupon in cm2 and t is time, q is the density (g/cm3)
Inhibition efficiency (I.E.) was calculated using Eq. (2) [5]:
I:E:% ¼ 1 CRinh
CRblank
 
 100 ð2Þ
where CRinh and CRblank correspond to the corrosion rates
in the presence and absence of inhibitor respectively; I.E. is the
inhibition efficiency.
The surface coverage (h) was calculated by using Eq. (3) [7]:
h ¼ 1 CRinh
CRblank
 
ð3Þ2.4. Mass loss measurement
Pre-weighed mild steel samples were immersed in 100 ml of the
blank/inhibitor solutions for 7 days (168 h). The weight loss of
each coupon was determined at every 24 h intervals by retriev-
ing the samples from the solution, cleaned with acetone and
then reweighed. The mass loss for each sample was evaluated
by dividing its weight loss by the surface area of the coupon.
2.5. Atomic adsorption spectrometric analysis
Atomic adsorption analysis was performed using atomic
adsorption spectrometer model bulk 200. This was required
to determine the concentration of iron (II) ions in the acidic
solutions after gravimetric measurements. The calibration
curve of iron (II) ions was drawn before analyzing the elec-
trolyte solution. All samples containing iron ions were diluted
with distilled water to ensure that the concentrations of metal
ions are within the range of the calibration curve.
2.6. FTIR analysis
FTIR analysis of the H. umbellata seed husk extracts and that
of the corrosion products in the presence of the extracts were
carried out using Perkin–Elmer-1600 Fourier transform
infra-red spectrophotometer. The corrosion product for the
analysis was obtained following procedures in accordance with
Alaneme et al. [7]. This entailed immersing powdered mild steel
inside 100 ml of 5% (v/v) extract concentration. The mixture
was left for 6 h, after which it was filtered. The residue was
allowed to dry and then analyzed using FTIR. The sample
was prepared using KBr.
2.7. Scanning electron microscopy
The surface morphology of the mild steel before and after
immersion in the acid solutions (with and without the extracts)
was examined using a JSM 7600F Jeol ultra-high resolution
field emission gun scanning electron microscope (FEG-SEM).
Figure 1a FT-IR spectrum of HCl extract of Hunteria umbellata seed husk.
Figure 1b FT-IR spectrum of corrosion products of mild steel in the presence of HCl extract of Hunteria umbellata seed husk.
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3.1. FTIR (Fourier transform infrared spectroscopy)
FTIR characterization of the extract was performed to identify
the functional groups present in it, while that of the corrosion
products is to ascertain that the inhibition takes place as a
result of the interaction between the metal and the extract.
The FTIR spectra of the extract and the corrosion products
are presented in Figs. 1–2. The results obtained show that
corrosion inhibition takes place through adsorption process.
Tables 1 and 2 show the various bonds that are present in
the extracts and corrosion products. FTIR of the HCl and
H2SO4 extract of H. umbellata seed husk showed the presence
of oxygen and nitrogen atoms in functional groups (OAH,
CAN) and unsaturated (C‚C). The presence of oxygen and
nitrogen atoms in the extracts met the general characteristicsof typical corrosion inhibitors [19]. There is a shift in the spec-
tra of the extract when mild steel was immersed in it to form
corrosion product. This shows that there is an interaction
between the extract and the mild steel substrate which resulted
in inhibition.
3.2. Mass loss techniques
The results of mass loss for the corrosion inhibition of mild
steel in 1 M HCl and H2SO4 are presented in Figs. 3 and 4
respectively. For both media it is observed that mass loss
decreases significantly in the presence of the extracts but this
decrease was more sensitive to the concentration of the
H2SO4 extract of H. umbellata seed husk than with the HCl
extract of H. umbellata seed husk. However, the HCl extract
of H. umbellata seed husk offered better protection than
H2SO4 extract of H. umbellata seed husk. The mass loss of
Figure 2a FT-IR spectrum of H2SO4 extract of Hunteria umbellata seed husk.
Figure 2b FT-IR spectrum of corrosion products of mild steel in the presence of H2SO4 extract of Hunteria umbellata seed husk.
Table 1 IR Spectra of the HCl extract of Hunteria umbellata
and corrosion product.
HCl extract of Hunteria
umbellata
Corrosion product in the of HCl
Hunteria umbellata extract
Wave
number
(cm1)
Assignment/
vibration mode
Wave
number
(cm1)
Assignment/
vibration mode
3392 OAH stretching 3429 OAH stretching
2371.42 CAH stretching 2925 CAH stretching
1643.15 C‚C stretching 2377.14 CAH stretching
1247.66 CAN stretching 1638.08 C‚C stretching
1062.43 OAH stretching 1461.39 Methyl CAH
407.45 SAS 1102.33 CAO stretching
445.0 SAS
676 K.K. Alaneme et al.mild steel in the blank solution of HCl was 0.5978 mg/cm2 and
the addition of 5% v/v HCl extract of H. umbellata seed husk
reduced the dissolution to 0.0272 mg/cm2. However, the mass
loss of the mild steel immersed in the blank solution of H2SO4
was 0.9204 mg/cm2 while in the presence of 5% v/v of the
extract it reduces to 0.3694 mg/cm2. As was noted from the
FTIR results there is an interaction between the extract and
the immersed mild steel. This interaction would have led to
the adsorption of the extract molecules on the metal surface,
thereby leading to reduction in the rate of metal dissolution.
Atomic adsorption spectroscopy results presented in
Figs. 5 and 6 were carried out to validate the findings from
the weight loss investigation. For both plots, the amounts of
Fe2+ dissolved into the electrolyte as a function of extract
concentration are presented. From the figures it is observed
Table 2 IR Spectra of the H2SO4 extract of Hunteria
umbellata and corrosion product.
H2SO4 extract of Hunteria
umbellata
Corrosion product in the of
H2SO4 Hunteria umbellata
extract
Wave
number
(cm1)
Assignment/
vibration mode
Wave
number
(cm1)
Assignment/
vibration mode
3428 OAH stretching 3434.28 OAH stretching
2371.42 CAH stretching 2926.62 CAH stretching
1643.70 C‚C stretching, 2365.71 CAH stretching
1206.71 CAN stretching 1743.52 C‚C, NAH
bending
1056.73 OAH 1458.08 Methyl CAH
432 SAS 1108.03 CAO stretching
449.74 SAS
Figure 3 Plot of mass loss as a function of time for the corrosion
of mild steel in 1 M HCl, in the absence and presence of HCl
extract of Hunteria umbellata seed husk.
Figure 4 Plot of mass loss as a function of time for the corrosion
of mild steel in1 M H2SO4, in the absence and presence of H2SO4
extract of Hunteria umbellata seed husk.
Figure 5 Plot of the concentrations of iron (II) ions in 1 M HCl
acid after gravimetric measurements.
Figure 6 Plot of the concentrations of iron (II) ions in 1 M
H2SO4 acid after gravimetric measurements.
Hunteria umbellata seed husk extracts on mild steel immersed in acidic solutions 677that the amount of Fe2+ dissolved in the electrolyte
decreases as the concentration of the extracts increases. This
is most likely due to the adsorption of the phytochemical
constituents of the extract on the metal surface thereby pre-
venting the oxidation and diffusion of the iron ions into the
electrolyte [20].
3.3. Effect of temperature on corrosion rate and inhibition
efficiency of the extract
Presented in Tables 3 and 4 is the corrosion rate of mild steel
samples in the presence and absence of extract of H. umbellata
seed husk for both 1 M HCl and H2SO4 solutions. The corro-
sion rate values increase as the temperature of the reacting
system increases. Dissolution of the mild steel occurs more
rapidly as temperature increases reflecting an increase in corro-
sion rate as temperature increases. It is noted that at elevated
temperature, reacting molecules collide faster leading to more
consumption of the reactant and formation of the product.
Increase in corrosion rate results to decrease in inhibition
efficiency.
Figs. 7 and 8 represent the plot of inhibition efficiency
against concentration of the extracts. It is observed that as
the concentration of the extract increases, the inhibitionefficiency also increases. At increased concentration, the
interaction between the extract molecules and the mild steel
samples would have increased thereby leading to better protec-
tion of the samples. Temperature of the extract was also varied
from 303 to 313 K. The results obtained show that the
values of inhibition efficiency of HCl and H2SO4 extract of
H. umbellata seed husk decrease with increase in temperature.
At higher temperature desorption of the adsorbed molecules of
the extract occurs leading to the exposure of the surface of
Table 3 Values of corrosion rate of mild steel in the presence
and absence of HCl extract of Hunteria umbellata seed husk at
temperature range 303–333 K.
Acid
medium
Concentration of
HCl extract of
Hunteria umbellata
Corrosion rate (mmpy)
303 K 313 K 323 K 333 K
1 M
HCl
Blank 109.04 150.41 389.80 578.35
1 5.77 11.55 30.88 46.60
2 5.37 8.79 22.18 36.12
3 2.88 6.24 20.18 30.99
4 2.28 4.77 19.17 30.77
5 1.40 3.62 11.30 17.39
Table 4 Values of corrosion rate of mild steel in the presence
and absence of H2SO4 extract of Hunteria umbellata seed husk
at temperature range 303–333 K.
Acid
medium
Concentration
of H2SO4
extract of
Hunteria
umbellata
Corrosion rate (mmpy)
303 K 313 K 323 K 333 K
1 M H2SO4 Blank 100.00 183.19 574.44 941.84
1 38.57 69.79 345.87 645.36
2 16.61 40.47 123.20 549.91
3 15.05 29.65 116.29 426.93
4 10.70 22.18 106.81 345.65
5 7.805 18.73 79.276 255.22
Figure 7 Variation of inhibition efficiency against the concen-
tration of HCl extract of Hunteria umbellata seed husk.
Figure 8 Variation of inhibition efficiency against the concen-
tration of H2SO4 extract of Hunteria umbellata seed husk.
Figure 9 Langmuir adsorption isotherm plot for the adsorption
of HCl extract of Hunteria umbellata seed husk extract with
concentration at 303–333 K.
Figure 10 Langmuir adsorption isotherm plot for the adsorption
of H2SO4 extract of Hunteria umbellata seed husk extract with
concentration at 303–333 K.
678 K.K. Alaneme et al.mild steel to the acid environment resulting in increase in
corrosion rate and decrease in inhibition efficiency. Decrease
in inhibition efficiency with increase in temperature is termed
physical adsorption [21].
3.4. Adsorption isotherm
Adsorption isotherms are more informative in understanding
the nature of interaction between inhibitor molecules and the
surface of metal substrates [22]. The degree of surface coverage
(h) obtained from gravimetric techniques was used to evaluate
the best isotherm that fits into the data obtained. Correlation
coefficient obtained from the plots of various isotherms suchas Langmuir, Freundlich, Temkin et cetera were used to deter-
mine the isotherms most applicable to experimental data.
Langmuir isotherm was applied to investigate whether it
best fits to the experimental data obtained by using Eq. (4) [7].
c
h
¼ 1
Kads
þ C ð4Þ
where C is the inhibitor concentration, h is the surface cover-
age and Kads is the adsorption equilibrium constant. The plot
of ch against C yielded straight lines is shown in Figs. 9 and 10.
This validates that the adsorption of the extract molecules on
the surface of mild steel is consistent with Langmuir isotherm
and the slopes obtained are near unity. The values of the slopes
are presented in Table 5 from which it is noted that the slopes
Table 5 Langmuir isotherm parameters for the adsorption of
HCl and H2SO4 extract of Hunteria umbellata seed husk on the
surface of mild steel Isotherm.
Temp. (K) HCl extract of Hunteria
umbellata seed husk
H2SO4 extract of Hunteria
umbellata seed husk
Kads R
2 Slope Kads R
2 Slope
303 12.78 0.9999 1.000 1.6928 0.9987 0.9671
313 10.84 0.9999 1.008 1.6420 0.9999 0.9892
323 12.26 0.9998 1.021 0.8167 0.9748 0.8942
333 11.59 0.9997 1.022 0.3749 0.9772 0.8876
Figure 11a SEM micrographs of mild steel sample after immer-
sion in 1 M HCl solutions in the absence of Hunteria umbellata
seed husk extract.
Figure 11b SEM micrographs of mild steel sample after immer-
sion in 1 M HCl solutions in the presence of Hunteria umbellata
seed husk extract.
Figure 11c SEM micrographs of polished mild steel sample
before immersion in test solutions.
Figure 12a SEM micrographs of mild steel sample after immer-
sion in 1 M H2SO4 solutions in the absence of Hunteria umbellata
seed husk extract.
Hunteria umbellata seed husk extracts on mild steel immersed in acidic solutions 679of HCl extract of H. umbellata seed husk are approximately
unity indicating that Langmuir is best applicable at the test
temperatures. In the case of H2SO4 extract of H. umbellata
seed husk the slopes deviate from unity as the temperature
increases and this means that the isotherm is not applicable
at higher temperature and that there is an interaction betweenthe adsorbed molecules on the surface of the metal. The corre-
lation coefficient (R2) in Table 5 further confirm that Lang-
muir isotherm is better fitted into the data, although best
applicable for HCl extract of H. umbellata.
The values of Kads, adsorption coefficient as shown in
Table 5 decrease with increase in temperature. The trend
observed is in agreement with the findings by Olasehinde
et al. [23] and Alaneme et al. [7] whose reports indicated that
Kads obtained from the Langmuir isotherm decreased with
increase in temperature. This indicates that the adsorption of
the extract on the surface of mild steel is favorable at lower
temperature and is in agreement with the results obtained for
inhibition efficiency.
3.5. Surface morphology
The surface morphology of the mild steel sample before
immersion in the test solutions and that of the mild steel
samples in 1 M HCl and H2SO4 solutions in the absence and
in the presence of H. umbellata seed husk extract after 4 h
immersion time are presented in Figs. 11–12. The surfaces of
Figure 12b SEM micrographs of mild steel sample after immer-
sion in 1 M H2SO4 solutions in the presence of Hunteria umbellata
seed husk extract.
680 K.K. Alaneme et al.the mild steel immersed in the acid media in the absence of the
extracts (Figs. 11a and 12a) show defined corrosion pits reflect-
ing a high degree of localized corrosion attack by the acid
media. These corrosion pits are observed to be absent from
the surface of the substrates in which the extracts were present
in the acid solutions (Figs. 11b and 12b). The surface morphol-
ogy of the samples immersed in acidic solutions containing the
extracts (Figs. 11b and 12b) is observed to be very much alike
in topography to that of the substrate before immersion in the
acidic solutions (Fig. 11c). This gives credence to the argument
that the formation of protective films by the extract on the
mild steel serves as barrier limiting the extent of corrosion
attack by the acid solutions.
4. Conclusion
The corrosion inhibition and adsorption characteristic of H.
umbellata seed husk extracts in 1 M HCl and 1 M H2SO4 solu-
tions were investigated. The results show that:
 OAH, CAN and unsaturated C‚C functional groups hav-
ing oxygen and nitrogen attached to them were identified as
actively responsible for the inhibition exhibited by the
extracts.
 The inhibition efficiency was found to increase with increase
in extract concentration in the acidic solutions but decreases
with increase in temperature.
 The inhibition efficiency of the extracts was observed to be
generally very high but higher in 1 M HCl compared to 1 M
H2SO4 solution.
 The Langmuir isotherm best fits the data obtained and sug-
gests physical adsorption as the adsorption mechanism
between the extract and the mild steel substrate.
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